One of the remarkable associative learning abilities of the pond snail Lymnaea stagnalis is that it can establish taste aversion and consolidate it into long-term memory (LTM).
The pond snail Lymnaea stagnalis learns taste aversion and consolidates it into long-term memory (LTM). This is referred to as conditioned taste aversion (CTA). The superfusion of molluscan insulin-related peptides (MIPs) over the isolated snail brain causes a long-term enhancement of synaptic input between the cerebral giant cell and the B1 buccal motor neuron. This enhancement is hypothesized to underlie CTA. The synaptic enhancement caused by the superfusion of MIPs can be blocked by the application of human insulin receptor antibody, which recognizes the extracellular domain of human insulin receptor and acts as an antagonist even for MIP receptors. An injection of the human insulin receptor antibody into the abdominal cavity of trained snails blocks the consolidation process leading to LTM, even though the snails acquire taste aversion. Here, we examined whether or not taste-aversion training changes the mRNA expression level of MIP receptor in the snail brain and found that it does not. This result, taken together with previous findings, suggest that the MIPs' effect on synaptic function in the snail brain is attributable to a change in the MIP concentration, and not to a change in the mRNA expression level of MIP receptor, which is thought to reflect the number of MIP receptors. Keywords: conditioned taste aversion, insulin, insulin receptor, long-term memory, Lymnaea, molluscan insulin-related peptide To examine whether or not taste-aversion training changes the mRNA expression level of MIP receptor, we applied a previously described training procedure to three groups of snails: (1) snails trained for taste aversion; (2) a backward-conditioned control group; and (3) a naive control group. 5, 9 The conditioned stimulus (CS) was 10 mM sucrose, and the unconditioned stimulus (US) was 10 mM KCl. Application of the CS to the lips increases the feeding response in snails, whereas application of the US inhibits feeding behavior and evokes a withdrawal response. In the taste-aversion-training procedure, the CS is paired with the US 10 times. After these repeated contingent presentations of the CS and US, the CS no longer elicits the feeding response. In all three groups, we first performed a pretest with the CS. Posttests to the CS were performed 10 min after training. The number of feeding responses (rasping movements of the buccal mass) was counted in distilled water in a 1 min observation period, following a 15 sec application of the CS to the lips of the snail.
Consolidation of long-term memory by insulin in
The results obtained from the behavioral experiments were as follows. Taste-aversion-trained snails (mean ± SEM): Pretest = 13.1 ± 0.8 (biting/min, n = 10 snails), Posttest = 0.2 ± 0.1 (biting/ min, n = 10 snails). Backward-conditioned control snails: Pretest = 14.1 ± 0.9 (biting/min, n = 10 snails), Posttest = 12.4 ± 1.2 (biting/min, n = 10 snails). Naive control snails: Pretest = 13.2 ± GAG C-3'; and the reverse primer for actin: 5'-GAG TTG TAG GTG GTT TCG TGG-3'. The reaction was performed at 95°C for 1 min followed by 50 cycles of 95°C for 15 sec, 60°C for 15 sec and 72°C for 30 sec each using the StepOnePlus RealTime PCR System (Applied Biosystems, Life Technologies). Each preparation of the MIP receptor and actin was applied to a 96-well plate in triplicate. Relative mRNA levels of the MIP receptor were calculated by the comparative C T (ΔΔC T ) method (Applied Biosystems, Life Technologies) 10 using the mRNA of actin as a reference. That is, the mRNA expression level of MIP receptor was normalized to that of actin. All the behavioral and quantitative real-time PCR experiments were performed blindly.
The ΔΔC T method for quantitative real-time PCR showed that the mRNA expression levels of MIP receptor were not changed (p > 0.05 by one-way ANOVA) in the three groups (taste-aversion training, backward-conditioned control training and naive control training; Fig. 1) . Because the training did not change the mRNA expression level of MIP receptor, which is thought to reflect the number of MIP receptors, and because the gene expression of some MIPs was upregulated in snails exhibiting CTA-LTM as we showed previously, 4 our results supported the hypothesis that CTA-LTM is the result of the release of more MIPs from the MIP-containing neurons (the light green cells).
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18 Because we do not possess an anti-MIP antibody, we cannot at this time determine the concentration of MIPs in the CNS following the taste-aversion training.
In conclusion, we found that taste-aversion training did not change the mRNA expression level of MIP receptor, which is thought to reflect the number of MIP receptors, in the snail brain. Our results thus supported the hypothesis that tasteaversion training results in the release of more MIPs from MIPcontaining neurons. Finally, it appears that the increase in MIP concentrations, which brings about changes in synaptic efficacy between the cerebral giant cell and the B1 motor neuron, 5 results from changes occurring on the postsynaptic B1 motor neuron. 19 These data add weight to Glanzman's findings that significant changes in synaptic efficacy in molluscan preparations are the result of postsynaptic changes and are not due solely to presynaptic changes.
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No potential conflicts of interest were disclosed. 0.6 (biting/min, n = 10 snails), Posttest = 12.0 ± 0.7 (biting/min, n = 10 snails). As can be observed from these data, the feeding response (i.e., the number of bites) was significantly lower in the taste-aversion-trained snails than in the control snails (p < 0.01 by one-way ANOVA and post hoc Scheffé test).
To determine the mRNA expression level of MIP receptor by taste-aversion training, we dissected the buccal and cerebral ganglia 90 min after the end of training. One buccal ganglion and one cerebral ganglion were dissected from each of the 10 snails in each of the three groups. The total RNA samples of single buccal and cerebral ganglia were purified using the RNAqueousMicro Kit (Ambion, Life Technologies). Reverse transcription (RT) was performed using 10 μl of each total RNA preparations, SuperScript II Reverse Transcriptase (Invitrogen, Life Technologies) and RNaseOUT (Invitrogen, Life Technologies) following the product manuals. After 1/5 dilution with distilled water, RT samples were mixed with SYBR Green Realtime PCR Master Mix (Toyobo) and a primer set selectively amplifying the MIP receptor or actin of Lymnaea. The nucleotide sequences of the primer sets of MIP receptor and actin were as follows. The forward primer for the MIP receptor: 5'-AAT GGC TGG AGA AAT AGC AGA TG-3'; the reverse primer for the MIP receptor: 5'-TGT CAT ACC AAA GTC TCC AAT TTT AAC-3'; the forward primer for actin: 5'-TCC CTT GAG AAG AGC TAC 
